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Introduction
In 1876, the first case of double orifice mitral valve
(DOMV) was reported by Greenfield [1]. DOMV is
an uncommon congenital anomaly characterized
by the presence of two mitral orifices, each pos-
sessing an independent chordal attachment to a
papillary muscle [2,3]. In a study by Bano-Rodrigo
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Background: In previous studies, double orifice mitral valve (DOMV) was found to be a
rare congenital anomaly, especially in isolated DOMV stenosis. The aim of this study was
to demonstrate the usefulness of transthoracic echocardiography, which includes two-
dimensional and Doppler echocardiography, for diagnosing and evaluating stenotic DOMV
pre- and post-balloon mitral valvuloplasty (BMV). This is believed to be the first study ever
reported in Taiwan.
Patients and Methods: We retrospectively reviewed the echocardiographic findings of eight
symptomatic patients with stenotic DOMV who successfully underwent BMV between
September 2000 and March 2005. We analyzed their echocardiographic characteristics
of valve morphology, size, location and transmitral pressure gradient before BMV and
valve restenosis after BMV.
Results: All patients had incomplete bridge type with larger posteromedial orifice. No asso-
ciated lesions were noted in any of the patients. After medical treatment and evaluation,
they all underwent BMV successfully. Follow-up echocardiography showed no mitral valve
restenosis.
Conclusion: Two-dimensional echocardiography is a dependable method for diagnosing
DOMV and evaluating stenotic DOMV post-BMV.
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et al, they found 27 cases of DOMV among 2733
necropsies from Boston Children’s Hospital, where
this pathology represented 1% of the congenital
cardiopathies found [3]. DOMV might occur as
an isolated anomaly or, more often, in associa-
tion with other congenital anomalies such as mitral
stenosis and regurgitation, endocardial cushion
defect, bicuspid aortic valve and coarctation of the
aorta [2,4].
Hartmann was the first to propose a classification
for DOMV in 1937 [5]. According to an echocar-
diographic study, Trowitzsch et al classified DOMV
into three types: an incomplete bridge, a complete
bridge and a hole [6]. In the incomplete bridge
type, a small strand of tissue connects the anterior
and posterior leaflets at the leaflet edge level. In
the complete bridge type, a fibrous bridge divides
the atrioventricular orifice completely into equal or
unequal parts. And finally, in the hole type, an
additional orifice with subvalvular apparatus occurs
in the posterior commissure of the mitral valve.
These three types may be differentiated by sweep-
ing the transducer in cross-sectional view from the
apex toward the base of the heart. In the complete
bridge type, both orifices can be seen throughout
the scan, while in the incomplete bridge type, the
two orifices can be seen only at the level of the pap-
illary muscles. In the hole type, the second orifice
can be seen at about the midleaflet level [6].
Mitral valvuloplasty and valve replacement both
have a place in the management of DOMV. In order
to effectively split the fibrous connection between
the leaflets, Inoue-balloon mitral valvuloplasty (BMV)
has been widely used [7]. Over the past few years,
we have encountered eight moderately sympto-
matic patients with stenotic DOMV of the incom-
plete bridge type. Their clinical manifestations and
physical examinations were indistinguishable from
those of rheumatic mitral stenosis. After medical
treatment and evaluation, they all underwent BMV
successfully. The aim of this study was to demon-
strate the usefulness of transthoracic echocardiog-
raphy, which includes two-dimensional and Doppler
echocardiography, for diagnosing and evaluating
DOMV pre- and post-BMV.
Patients and Methods
From the electronic database of the echocardio-
graphic laboratory of the Division of Cardiology,
China Medical University Hospital, we studied eight
patients (2 males, 6 females; age range, 35–67 years;
mean age, 52.3 years) with stenotic DOMV who
were referred to us because of cardiac symptoms
and who underwent BMV between September 2000
and March 2005. Each patient was submitted for
an echocardiographic study using SONOS 2500 or
4500 ultrasound systems (Hewlett-Packard, Andover,
MA, USA) and a 2.5/2.0-MHz phased-array trans-
ducer before and after BMV. All projections were
videotaped. Two-dimensional echocardiography of
the parasternal long- and short-axis views, subcostal
short-axis view, and apical two- and four-chamber
views were performed for identifying the following:
(1) the location of the mitral valve orifice; (2) the
size of the orifices; (3) the function of the valve; and
(4) the presence of associated lesions.
Mitral stenosis was diagnosed by combined color
and pulse-wave Doppler echocardiography, sup-
ported by an abnormal Doppler flow profile with a
decreased E-F slope and late diastolic acceleration
and color Doppler flow mapping showing turbulent
anterograde diastolic flow into the left ventricle.
The severity of mitral stenosis was assessed from
the mean pressure gradient across the mitral valve
measured from spectral Doppler traces obtained
from apical four-chamber views and mitral valve
area (MVA). Mitral stenosis was classified into three
levels: mild, moderate and severe. Mild stenosis
was defined as a mean gradient of 3–5 mmHg or
MVA of 1.6–2.0 cm2, while moderate stenosis was
defined as a mean gradient of 5–10 mmHg or MVA
of 1.1–1.5 cm2, and severe stenosis was defined as
a mean gradient of > 10 mmHg or MVA ≤ 1.0 cm2.
There are several ways for calculating MVA,
including visualization of the mitral valve with two-
dimensional echocardiography, continuity equation,
pressure half time, and proximal isovelocity surface
area methods. In this study, MVA was directly deter-
mined using planimetric measurements of two-
dimensional echocardiography at the short-axis view
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before and after BMV. For the purposes of accuracy,
the data shown in the tables for each patient are
the average of three measurements.
Transesophageal echocardiography was done to
exclude left atrium (LA) or LA appendage thrombus
in each patient before BMV. One-stage BMV was
done using the Inoue-balloon valvuloplasty tech-
nique. The study was approved by the institutional
research committee, and informed consent was
obtained from all participants.
Statistical analysis
Echocardiographic data are presented as mean ±
standard deviation. The changes in MVA, mean pres-
sure gradient, LA size, left ventricle end-diastolic
dimension and left ventricle end-systolic dimen-
sion before and after BMV were compared using
Student’s t test. A value of p < 0.05 was considered
significant.
Results
The main characteristics of the eight patients are
shown in Table 1. They were diagnosed with DOMV
according to the following echocardiographic cri-
terion: at the parasternal short-axis view at the level
of the mitral valve, two perfectly defined orifices
were observed (Fig. 1). They were all of the incom-
plete bridge type. No associated lesions were
noted in any of the patients. In each patient, the
fibrous bridge tissue between the valve leaflets was
successfully split using an Inoue-balloon valvulo-
plasty technique with stepwise dilations applied only
to the posteromedial orifice. After BMV, transtho-
racic two-dimensional echocardiography illustrated
a single enlarged mitral orifice (Fig. 2). With respect
to iatrogenic atrial septal defect (ASD), two patients
demonstrated insignificant interatrial left to right
shunt just after BMV, but no visible ASD was
observed during the subsequent follow-up period.
In addition, we compared the severity of mitral
regurgitation (MR) pre- and post-BMV and found
Echocardiographic Evaluation of Double Orifice MV
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Table 1. l l h f h d bl f l lC inica  c aracteristics o  patients wit  ou e ori ice mitra  va ve
Case Age (yr) Sex Rhythm NYHA class Associated lesions MR MS
1 61 F Sinus II None Mild Moderate
2 52 F AF II None Mild Moderate
3 41 M Sinus II None Mild Severe
4 56 F Sinus III None Mild Moderate
5 32 F Sinus III None Trivial Severe
6 38 F AF II None Mild Severe
7 57 F Sinus III None Mild Severe
8 65 M AF III None Moderate Severe
NYHA = New York Heart Association; MR = mitral regurgitation; MS = mitral stenosis; AF = atrial fibrillation.
iF g. 1. lParasternal short-axis view at the level of the mitra
valve shows the two separate orifices of the double orifice
mitral valve (arrows).
that two cases shifted from mild to moderate MR and
one case changed from trivial to mild MR post-BMV.
The median follow-up duration was 18.5 months
(range, 3–63 months). All patients remained asymp-
tomatic at the latest follow-up visits after BMV.
Moreover, follow-up echocardiography showed no
mitral valve restenosis as defined by 50% reduction
in MVA (Table 2). As shown in Table 3, there were
significant differences pre-BMV and post-BMV with
regard to MVA and mean pressure gradient, but
echocardiographic measures of pre- and post-BMV
LA and left ventricle dimensions were not statistically
significant.
Discussion
The clinical manifestation of DOMV is variable and
depends mainly on the associated, more complex,
cardiac lesions. There are no unusual clinical signs
to suggest DOMV [8]. Transthoracic echocardiog-
raphy is a valuable tool for the diagnosis of DOMV,
but the lesion may be missed when imaging is sub-
optimal [6]. Although DOMV may occur as an iso-
lated lesion [9], it more often appears in association
with other congenital malformations. A recent study
found that the most common associated anomalies
were left-sided obstructive lesions, which were
observed in eight of the 18 patients (44%) [10].
The isolated form of DOMV is more often observed
in the bridge type [2,3], and is usually associated
with no significant hemodynamic abnormality.
Bano-Rodrigo et al reported that 26% of their
cases exhibited valvular regurgitation, 26% exhibited
stenosis, and 48% functioned normally [3]. On the
basis of another study, DOMV with mitral insuffi-
ciency was the most frequent association and was
detected by color Doppler in 43% of patients,
DOMV with normal flow was observed in 37% 
of patients, DOMV with mitral stenosis was docu-
mented in 13% of patients, and DOMV with com-
bined mitral stenosis and insufficiency was detected
in 6.5% of patients [8].
Acquired DOMV may be present after surgical
correction of a mitral valve prolapse where the free
edge of the middle portion of the prolapsing ante-
rior or posterior leaflet is anchored to the facing
edge of the opposite leaflet [11]. No patients in
this study had a history of cardiac surgery.
Rheumatic mitral stenosis is caused by rheumatic
involvement of the mitral valve and has the typical
echocardiographic features of thickened and calci-
fied mitral leaflets and subvalvular apparatus. Con-
genital DOMV stenosis is different from rheumatic
mitral stenosis in terms of their echocardiographic
findings.
Lo et al reported that Inoue-BMV can be safely
and successfully applied to split the fibrous tissue
of stenotic DOMV, resulting in a single enlarged
mitral orifice [12].
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iF g. 2. Two-dimensional echocardiography of mitral valve. (A)
Before balloon mitral valvuloplasty (BMV), two separate ori-
fices can be seen (arrows). (B) After BMV, a single enlarged
mitral orifice can be seen (arrow).
Although the majority of ASD are clinically
insignificant and spontaneously close within several
months after successful BMV [13], some do occa-
sionally become hemodynamically significant and
require surgical repair. Significant ASD after BMV has
been reported to occur in approximately 10–20% of
cases [13]. This technical modification of transseptal
BMV led to a significant decrease in the incidence of
interatrial shunting after BMV from 12% to 6% [14].
The parasternal short-axis view demonstrated
the most obvious valve at the mitral valve level.
The two separate valve orifices are clearly demon-
strated in this cross-sectional view. In addition to
separate orifices, two chambers with the seagull
sign were shown in the apical projection in DOMV
patients [15]. Most importantly, the appearance 
of two separate orifices on different ultrasound
planes is diagnostic of DOMV [8]. Three-dimensional
echocardiography examinations were performed in
some patients of the study. While three-dimensional
echocardiography is notable for its demonstration
of cubical structure, two-dimensional echocardiog-
raphy is good enough for diagnosing DOMV because
of its good resolution and frame rate.
This is the first report in Taiwan to describe 
and evaluate stenotic DOMV with echocardiog-
raphy before and after BMV. In conclusion, two-
dimensional echocardiography is a reliable approach
for diagnosing DOMV and for evaluating stenotic
DOMV post-BMV.
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Table 3. f fMitral valve area, pressure gradient, le t atrium and le t ventricle dimension parameters*
Pre-BMV stenotic DOMV Post-BMV stenotic DOMV p†
MVA (cm2) 1.5 ± 0.3 2.1 ± 0.2 0.0001
Mean pressure gradient (mmHg) 13 ± 7 4 ± 1 0.006
LA (mm) 51 ± 7 49 ± 6 0.36
LVEDd (mm) 51 ± 5 51 ± 5 1.0
LVESd (mm) 30 ± 4 32 ± 6 0.21
*Data are presented as mean ± standard deviation; †p for difference between pre-BMV and post-BMV. BMV = balloon mitral valvuloplasty; DOMV =
double orifice mitral valve; MVA = mitral valve area by planimetry; LA = left atrium; LVEDd = left ventricle end-diastolic dimension; LVESd = left ventricle
end-systolic dimension.
Table 2. f f fEchocardiographic data in patients with double ori ice mitral valve be ore and a ter balloon mitral
valvuloplasty
Pre- Antero- Postero- Post- Pre/Post Pre/ Pre/
MR MVA (cm2)/
Case
procedure lateral medial procedure mean Pre/Post Post Post
after Follow-up
MVA orifice orifice MVA gradient LA (mm) LVEDd LVESd
BMV (mo)
(cm2) (cm2) (cm2) (cm2) (mmHg) (mm) (mm)
1 2.0 0.5 1.5 2.4 8/4 40/41 53/49 32/31 Mild 2.1/63
2 1.7 0.5 1.2 2.6 7/2 50/51 56/50 34/27 Moderate 2.6/54
3 1.6 0.7 0.9 2.2 12/4 50/56 47/49 25/31 Moderate 2.0/12
4 1.5 0.4 1.1 2.0 8/5 44/44 52/48 27/29 Mild 1.8/51
5 1.1 0.3 0.8 2.0 24/5 58/45 51/50 29/30 Mild 1.5/24
6 1.0 0.3 0.7 2.0 12/3 59/52 53/58 34/42 Mild 1.7/5
7 1.2 0.3 0.9 1.9 25/5 54/46 41/44 24/27 Mild 1.6/13
8 1.7 0.3 1.4 2.0 10/5 62/61 56/61 35/42 Moderate 1.9/3
MVA = mitral valve area by planimetry; LA = left atrium; LVEDd = left ventricle end-diastolic dimension; LVESd = left ventricle end-systolic dimension; 
MR = mitral regurgitation; BMV = balloon mitral valvuloplasty.
References
1. Greenfield W. Double mitral valve. Trans Pathol Soc
(London) 1876;27:128–9.
2. Rosenberg J, Roberts WC. Double orifice mitral valve:
study of the anomaly in two calves and a summary of
the literature in humans. Arch Pathol 1968;86:77–80.
3. Bano-Rodrigo A, Praagh SV, Trowitzsch E, Praagh RV.
Double orifice mitral valve: a study of 27 postmortem
cases with developmental, diagnostic and surgical
consideration. Am J Cardiol 1988;61:152–60.
4. Warnes C, Somerville J. Double mitral valve orifice in
atrioventricular defects. Br Heart J 1983;49:59–64.
5. Hartman B. Zur lehre der verdoppelung des linken
atrioventrikularostiums. Arch Kreislaufforsch 1937;1:
286–304.
6. Trowitzsch E, Bano-Rodrigo A, Burger BM, 
et al. Two-dimensional echocardiographic findings
in double orifice mitral valve. J Am Coll Cardiol 1985;
6:383–7.
7. Kim MH, Cha KS, Kim JS, et al. Successful Inoue-
balloon mitral commissurotomy in double-orifice
mitral stenosis. Cathet Cardiovasc Interv 2000;49:200–3.
8. Zalzstein E, Hamilton R, Zucker N, et al. Presentation,
natural history, and outcome in children and 
adolescence with double orifice mitral valve. Am J
Cardiol 2004;93:1067–9.
9. Lee DI, Ha JW, Chung B, et al. Double orifice mitral
valve. Clin Cardiol 1984;14:429–33.
10. Das BB, Pauliks LB, Knudson OA, et al. Double-orifice
mitral valve with intact atrioventricular septum: an
echocardiographic study with anatomic and functional
considerations. J Am Soc Echocardiogr 2005;18:231–6.
11. Linka AZ, Fatio R, Jost CA. Images in cardiology:
double orifice mitral valve. Heart 2000;84:244.
12. Lo PH, Hung JS, Lau KW, et al. Inoue balloon mitral
valvuloplasty in double-orifice mitral stenosis. J Invas
Cardiol 2003;15:301–3.
13. Lau KW, Hung JS, Ding ZP, Johan A. Controversies in
balloon mitral valvuloplasty. The when (timing for
intervention), what (choice of valve), and how (selec-
tion of technique). Cathet Cardiovasc Diagn 1995;35:
91–100.
14. Hung JS, Lau KW, Lo PH, et al. Valvular and congenital
heart disease. Complications of Inoue balloon mitral
commissurotomy: impact of operator experience and
evolving technique. Am Heart J 1999;138:114–21.
15. Solorio S, Badui E, Yanez M, et al. Double mitral valve
orifice. Two-dimensional and Doppler echocardio-
graphic diagnosis. Arch Med Res 1996;27:491–4.
L.C. Hsiao, H.T. Chou, H.B. Hsu, et al
78 J Med Ultrasound 2006 • Vol 14 • No 4
This article meets the criteria for 5 CME credit points necessary for each expertise member of SUMROC.
To obtain credit, please refer to the CME question and answer sheet on page 97.
